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ABSTRACT 
Introduction: Breast cancer is the commonest cause of cancer death in women worldwide. A shift in the angiogenic 
balance allows the up-regulation of several pro-angiogenic factors, which by ways of mutual interactions stimulate 
tumor angiogenesis.  Angiogenic factors are produced directly by tumor through the cancer cells or indirect by 
inflammatory cells that infiltrate tumor. Tumoural angiogenesis is essential for the growth and metastases of breast 
cancer cells. 
Aim: The aim of the present study was to asses vascular endothelial growth factor (VEGF), basic fibroblast growth 
factor (bFGF) and platelet-derived growth factor (PDGF-BB) serum levels in breast cancer patients as promising 
suggested panel of tool of some angiogenesis markers assisted by Bio- Plex Pro assays for diagnosis and prognosis 
performance in breast cancer, also as predictors to identify subgroups of patients fitting into different treatment to 
improve clinical outcome 
Method: Serum samples were collected from 68 breast cancer female patients; 32 pre-treatment and 36 under 
conventional chemo-radiotherapy and 10 healthy female donors as controls. Under treatment patients classified 
according to therapy related number of cycles regimen received to 1-4 (n=10), 5-8 (n=18), and > 8 cycles (n=8). The 
levels of the angiogenic markers, VEGF, bFGF and PDGF-BB, were assessed by Bio-Plex Pro assays that quantify multiple 
protein biomarkers. 
Results: There was a significant increase in VEGF and PDGF-BB (P1< 0.05) and non significant elevated bFGF (p1>0.05) 
in breast cancer pretreatment patients compared to controls. In patients under treatment there was a non significant 
elevated level in median values for each marker than the base line measurement (P2 > 0.05). A highly significant 
reduction serum levels for each of bFGF and PDGF-BB (P3< 0.001) and significant reduction (P3< 0.05) for VEGF after 
conventional adjuvant therapy treatment compared with pretreated patient serum levels. Those patients received 1-4 
cycles regimen elevated non-significant median values (P4 > 0.05) for each of FGF and PDGF-BB, while VEGF showed 
significant elevated serum level (P4 < 0.05) in compare to baseline measurement. Those patients received 5-8 cycles 
regimen treatment identified non significant reduction (P5 > 0.05) in median values with baseline level of control 
subjects. Those patient received more than 8 cycle regimen reviled significant reduction for bFGF (P6 < 0.05) and 
significant elevated value (P6 > 0.05) for VEGF and non-significant (P6 > 0.05) reduction serum level for PDGF-BB 
compared with base line measuring value. 
Conclusions: our results confirmed that suggested panel tool of VEGF, bFGF and PDGF-BB serum levels assessed by Bio-
Plex ® Pro Assays for Angiogenesis Factors Quantification is useful for the early detection of breast cancer within 
screening programs, suitable for prospective studies for breast cancer diagnosis and  /or recurrence of tumor, in 
prognosis and monitoring members of high- risk breast cancer families. Also, our suggested panel angiogenesis marker 
tool is useful for identifying subgroups of patients fitting into different treatment to improve clinical outcome. 
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INTRODUCTION 

Angiogenesis is defined as a physiological process 
where a new blood vessels form from pre-existing 
vessels. Angiogenesis in normal and pathological 

conditions is multi- step process governed by 
positive and negative endogenous regulators.  This 
process depends on endothelial cell migration, 
proliferation and differentiation [1]. In case of 
malignancy, this interaction is out of balance, and 
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balance shift taken place. A shift in the angiogenic 
balance allows the up-regulation of several pro-
angiogenic factors [2-6], which by ways of mutual 
interactions stimulate tumor angiogenesis [7,  8]. 
Angiogenic factors are produced directly by tumor 
through the cancer cells or indirect by 
inflammatory cells that infiltrate tumor [9]. 
Tumoural angiogenesis is essential for the growth 
and metastases of breast cancer cells. Many 
studies confirmed that by experimental studies 
[10-15] and others by clinical setting [16-18]. Also, 
many studies identified a quantitative relation 
between hematogenous spread of tumor cells and 
intratumoral microvessel density (MVD) and 
correlation between increased MVD and higher 
incidence of metastasis and a poor prognosis in 
various malignancies, including breast cancer [9, 
19] . 

So far, VEGF circulating levels considered a 
surrogate marker for angiogenesis, at the same 
time as target for anticancer treatment [20]. VEGF 
is a potent angiogenic cytokine in normal tissue 
and tumors. Many studies have demonstrated 
elevated serum levels of VEGF in different type of 
solid tumors included breast cancer [21-24]. VEGF 
is over expressed in breast cancer when compared 
to normal breast tissue and serum [25-27] and 
levels of VEGF in those patients correlate with 
disease-free and overall survivals [28, 29]. 

During the last decade, it is clearly appear that 
other-angiogenic factors may be involved in tumor 
evasion of anti-VEGF treatment [30]. Special focus 
has been developed toward many others of 
angiogenic markers and their role involved in 
angiogenic pathways, such as bFGF and PDGF-bb 
[20]. bFGF is a potent pro-angiogenic factor 
belongs to a large family of growth factors [31,32], 
affecting endothelial cell migration and 
proliferation [33,34]. Serum bFGF is elevated in 
malignant tumors as compared to healthy 
controls, and have been identified in many studies 
of breast cancer [35, 36]. PDGF-BB belongs to the 
family which is playing an important role in cell 
growth [37], chemotaxis [38], and in the regulation 
of the tumor stroma [39-42]. It is an important 
component in angiogenesis, where it promotes 
pericyte recruitment and the stabilization of 
microvasculature [43, 44]. The correlation 
between levels of angiogenesis regulated factors, 
clinical pathology and prognosis is very significant, 

especially in breast cancer [45-47]. The clinical 
relevance of prognostic parameters (lymph node 
status, tumor size, grade of malignancy, estrogen 
reseptors, progestron reseptors, and HER2 status) 
are relatively inadequate to precisely define the 
prognosis of individual with breast cancer [48]. 
Also, molecular profile identification of different 
tumors is useful for detecting subgroups of 
patients fitting into different schemes of 
treatment [48, 49]. 

Treatment of breast cancer patients depends on 
the stage of the tumor. Staging describes the 
extent of the cancer (i.e. whether it is invasive or 
non-invasive, the size of tumor, involved lymph 
nod), and whether it has metastasized. At stage II 
and III of breast cancer, primary treatment begins 
with surgically removing of the tumor and a small 
margin of healthy tissue around it. Adjuvant 
therapies used after surgery to get rid of any 
cancer cells that may be left behind and to reduce 
the risk of the cancer come back. Adjuvant 
therapies are, chemo, hormone, targeted 
therapy,  and radiation therapy can all be used as 
adjuvant treatments. In some cases, neo-adjuvant 
therapy may be used before surgery to shrink the 
tumor so less tissue needs to be removed. 
Recently, there has been an increased 
development of novel agents targeting multiple 
angiogenic pathways (e.g. VEGFR, PDGFR, and 
bFGFR) [20]. 

Experimental analysis for quantitative level of 
angiogenic marker is playing important role for 
making angiogenic marker in rotten work as a 
diagnostic and prognostic marker in breast cancer. 
The measurement of biomarkers in blood is 
preferable to the measurement in the tumor tissue 
[46, 50], and the serum levels of those growth 
factors may be an indicator of both their cellular 
and soluble concentrations [51, 52]. Enzyme-linked 
immunosorbant assays (ELISA) considered the 
primary tequnice for qualitative assessment kits 
for single marked analysis [53, 54]. Recently more 
advanced experimental analysis of multi-
circulating serum level of markers are valid. This 
device has a great advantage through quantitative 
assessment level of many circulating markers in 
the same minute sample and in a short time in 
compare with ELISA system. 

The aim of the present study was to asses VEGF, 
bFGF and PDGF-BB serum levels in breast cancer 

http://www.cancer.org/ssLINK/breast-cancer-treating-targeted-therapy
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patients as promising suggested panel of tools of 
some angiogenesis markers assisted by Bio- Plex 
Pro assays as predictors for diagnosis and 
prognosis performance in breast cancer, also as 
predictors to identify subgroups of patients fitting 
into different treatment to improve clinical 
outcome.    

MATERIAL and METHODS  

Materials: 

This study consisted of blood samples obtained 
from 68 female patients were 20 to 50 years old. 
All patients had histological confirmed with 
invasive grade II and III stage ductal 
adinocarcinoma breast cancer. 

All patients where passed the primary treatment 
included breast- sparing surgical removal of the 
tumor with adequate margin of normal tissue, 
treatment of draining lymphatics and restoration 
of function.  

Control group comprised (10) apparently healthy 
female ranged in age 18 to 50. Control subject 
were free from any disease associated with an 
increased angiogenic activity such as diabetic 
retinopathy, heart disease or lung disease, which 
could affect anti-angionic markers. Informed 
consent had been obtained from participating 
subjects according to the Ethics Committee of 
Faculty of Medicine, Mansoura University. 

Blood samples collected from (32) patients after 2-
3 months of breast- sparing surgical and  from (36) 
patients under conventional adjuvant therapy 
treatment begins after 2-3 months of breast- 
sparing surgical (conventional adjuvant therapy 
either being chemo-treatment or hormonal 
therapy), and from (10) healthy control subjects. 

Blood samples had been collected without 
anticoagulant into serum separator vacutainers 
and allowed to coagulate for 20 to 30 min at room 
temperature. Sera were separated by 
centrifugation (2,000 rpm, 10min), and all 
specimens were aliquot immediately, frozen and 
stored in a –70ºC freezer. 

Bio-Plex ® Pro Assays for Angiogenesis Factors 
Quantification: 

Bio-Plex Pro human angiogenesis array for VEGF, 
bFGF, and PDGF-BB was run according to the 
manufacture instructions (Cat # M50007W214, 

Bio-Rad Laboratories, USA), that quantify multiple 
protein bio-factors. Principle Technology of The 
Bio-Plex® suspension array system is built around 
the three core elements of xMAP technology: A) 
Fluorescently dyed microspheres (beads), each 
with a distinct color code or spectral address. This 
allows simultaneous detection of different types of 
molecules in a single well of a 96-well microplate. 
B) A dedicated flow-cytometer with two lasers and 
associated optics to measure the different 
molecules bound to the surface of the beads. C) A 
high-speed digital signal processor that efficiently 
manages the fluorescence data. 

 Assay Format of Bio-Plex Pro™ growth factor 
assays are essentially immunoassays formatted on 
magnetic beads. The assay principle is similar to 
that of a sandwich ELISA. Capture antibodies 
directed against the desired biomarker are 
covalently coupled to the beads. Coupled beads 
react with the sample containing the biomarker of 
interest. After a series of washes to remove 
unbound protein, a biotinylated detection 
antibody is added to create a sandwich complex. 
The final detection complex is formed with the 
addition of streptavidin- phycoerythrin (SA-PE) 
conjugate. Phycoerythrin serves as a fluorescent 
indicator, or reporter. 

This multiplex tequnice  enables us to quantify 
multiple protein biomarkers in a single well of a 
96-well plate in just 3 to 4 hr, also these robust 
immunoassays require as little as 12.5 μl serum 
and the use of magnetic (MagPlex®) beads allowed 
us to automate wash steps on a Bio-Plex Pro wash 
station. Magnetic separation offers greater 
convenience, productivity, and reproducibility 
compared to vacuum filtration. 

STATISTICAL METHODS 

Statistical analysis was performed using SPSS 16. 
Quantitative data were summarized in the format 
of median and range. Nonparametric ranking 
statistics (median test) were used to analyze the 
relationship between each of studied markers  in 
different groups. Spearmans correlation 
coefficient (r) and P- values were used to 
investigate the relationship between each two of 
studied markers in the serum. For all statistical 
analysis, P < 0.05 was considered statistically 
significant and P< 0.001 was considered 
statistically highly significant. Receiver Operating 
Characteristic (ROC) curve analysis used to 
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identified accurate cut- off value capable of 
discriminating between healthy women and 
cancer patients in the absence of international 
accepted cut-off values for serum VEGF, bFGF, and 
PDGF-bb concentration. Accuracy of studied 
factors was performed also by ROC curve 
represented by area under the curve. Ninety- five 
percent confidence intervals were calculated for 
sensitivity and specificity. Mann- Whitney test was 
used to compare the serum level of studied 
angiogenesis markers in breast cancer patients 
and control healthy women. The median levels of 
expression of analyzed markers were compared 
using Krushal- Wallis test.  

Results 

We obtained and analyzed serum samples from 68 
breast cancer female patients, after corresponding 
breast-sparing surgery, and 10 control healthy 
female volunteers. Serum samples obtained from 
32 patients before receiving corresponding 
conventional adjuvant therapy regiment and from 
36 patients were under the same treatment. Those 
patient under therapy treatment were classified 
according to number of therapy cycles regimen 
into: subgroup received 1-4 cycles (n=10), 5-8 
cycles (n= 18) and those received more than 8 
cycle (n=8).  

Pretreatment patients - control case analysis for 
each marker serum level overlapping and serum 
ranged levels (median values) in both group were 
carried out and were reported in table (1) and 
figure (1; A, B, C). VEGF serum level showed a 
partial overlapping, but median values showed 
significantly elevated level (P1< 0.05); on the other 
hand, bFGF serum level showed a considerable 
overlapping and median values were not 
significantly elevated (P1 > 0.05); and PDGF-BB 
serum level reviled no clear observed overlapping 
with significant increase serum level were 
obtained than the base line measurement (P1 < 
0.05).  

ROC curve calculation and analysis result 
represented in table (2), figure (2; A, B, C). Cut-off 
point concentration for bFGF, PDGF-bb and VEGF 
reported 50.47, 1878.5 and 18.58 pg/ml, 
respectively, with good accuracy for FGF (0.669) 
and high accuracy values for PDGF and VEGF 
(0.859, 0.852, respectively). In term of sensitivity, 
each of PDGF-BB and VEGF showed acceptable 
values (78.1%, 65% respectively), while bFGF 

showed low sensitivity (31.3%). In the term of 
specificity all of factors identified highly value 
(100%). 

Correlation analysis study for relationship between 
studied angiogenic markers in pretreated patient 
group were identified in table (3). Highly 
significant positive correlation between each of 
them were identified (p1=p2=p3< 0.001) 

Under treatment patient - control case analytical 
Comparative study results were reported in table 
(1) and figure (1; A, B, C). Each of VEGF and PDGF-
BB markers serum level revealed a considerable 
overlapping, while bFGF identified partial 
overlapping of serum level with non significant 
elevated levels in median values for each marker 
than the base line measurement (P2 > 0.05).  

ROC curve statistical results and analysis 
represented in table (4), figure (3; A, B, C). bFGF 
factor revealed acceptable accuracy represented 
by AUC (0.643) at cut off point serum level equal 
16.37 pg/ml with high sensitivity (100%) and 
acceptable specificity (69.4%). Also, PDGF showed 
accuracy value (0.506) and cut- off level at 535.14 
pg /ml with high sensitivity (100%) and acceptable 
specificity (61.1%). On the other hand, serum VEGF 
showed higher accuracy value than other factors 
(0.701), cut off point at 20.01pg/ml with high 
specificity (100%) but with low sensitivity value 
(39.9%). 

Correlation study between our studied markers in 
under treatment patient reported in table (5). 
Each of those angiogenic markers revealed a highly 
significant positive correlation with each other 
factor (p < 0.001). 

Under treatment- pretreatment patients case 
study were reported in table (1) and figure (1; A, B, 
C). Comparative study results reviled complete no 
overlapping for each of studied markers with 
highly significant reduction serum levels for each 
of bFGF and PDGF-BB (P3< 0.001) and significant 
reduction (P3< 0.05) for VEGF after conventional 
adjuvant therapy treatment. 

Under treatment therapy related subgroups - 
control case study were represented by table (6), 
figure (4). Those patients received 1-4 cycles 
regimen identified considerable overlapping of our 
studied markers serum levels with elevated non-
significant median values (P4 > 0.05) for each of 
bFGF and PDGF-BB, while VEGF showed significant 
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elevated serum level (P4 < 0.05) in compare to 
baseline measurement. Those patients received 5-
8 cycles regimen treatment identified a 
considerable overlapping for each of studied 
markers serum level and no-significant reduction 
(P5 > 0.05) in median values with baseline level of 
control subjects. Patient received more than 8 
cycle regimen  reviled partial serum levels 
overlapping for bFGF and VEGF, but bFGF median 
values showed significant reduction (P6 < 0.05) 
and VEGF median values showed no significant 
elevated value (P6 > 0.05). PDGF-BB serum level 
showed acceptable overlapping with non-
significant (P6 > 0.05) reduction compared with 
base line measuring value. 

ROC curve calculated results using serum levels of 
studied angiogenic markers of healthy women and 
under treatment therapy related subgroups 
identified in table (7), figure (5; A, B, C). Patient 
subgroup received 1-4 cycles regimen results 
revealed cut off point for bFGF, PDGF-BB and VEGF 
at serum level 21.197, 1879.75 and 20.70 pg /ml, 
respectively, with corresponding good accuracy for 
each of bFGF and PDGF-BB (0.51, 0.540, 
respectively) and higher accuracy for VEGF (0.77). 
In term of sensitivity; bFGF identified higher 
percentage of sensitivity (90%) while PDGF-bb and 
VEGF showed lower sensitivity (40% for each). In 
term of specificity, bFGF identified 70 % specificity 
value, while PDGF-BB and VEGF showed 
considerable higher specificity (100% for each). 
Patient with 5-8 cycles regimen subgroup showed 
the most highlight appear marker values were 
VEGF  that identified cut off point at serum level 
20.01 pg/ml with corresponding good accuracy 
(0.636) and high specificity (100%), while 
sensitivity have been reported in low value 
(38.9%). PDGF-BB serum level also identified cut 
off point 1836.29 pg/ml, with higher specificity 
(100%), while low accuracy (0.467) and low 
sensitivity value (38.9%). Also, at patient subgroup 
received more than 8 cycles, cut off point serum 
concentration of PDGF-BB reported 1955.79 
pg/ml, and acceptable accuracy value (0.5) with 
highly specificity value (100%), while reported low 
value of sensitivity (37.5%). VEGF identified cut off 
point 10.81 pg/ml with high accuracy (0.76) and 

sensitivity (100%), while specificity revealed low 
value (37.5%).  

Under treatment therapy related subgroups – 
pretreated patient case study identified in table 
(6), figure (4). Comparative study patient subgroup 
received 1-4 cycles’ regimen revealed considerable 
overlapping for PDGF-bb and VEGF and partial 
overlapping for bFGF serum levels with non-
significant reduction in each of angiogenic markers 
serum levels (P7 > 0.05 for each). While those 
patients received 5-8 cycles treatment showed: 
partial overlapping but with significant reduction 
in serum values of bFGF; PDGF-BB identified no 
overlapping with highly significant reduction in 
median values (p8<0.001); and VEGF although 
showed considerable overlapping, but reviled 
significant reduction value (p8< 0.05). Those 
patients received more than 8 cycles regimen 
showed: no overlapping between medians values 
with a highly significant reduction in bFGF serum 
level (p9<0.001); partial overlapping but with 
significant reduction in PDGF-bb (p9< 0.05); while 
VEGF serum level showed considerable 
overlapping with no significant difference (p9> 
0.05) when compare to pretreated patients.  

Statistical and analytical Comparative study was 
carried on for assessed serum levels of our studied 
markers in therapy related subgroups represented 
in figure (4; A, B, C) and table (8). Comparative 
study between subgroups received 1-4 and those 
received 5-8 cycles regimen identified 
considerable overlapping medians values for bFGF 
and complete overlapping for PDGF-BB and VEGF 
with non significant reduction serum levels for 
each of markers (p10>0.05). In Patients subgroup 
received 5-8 compared with those received more 
than 8 cycles identified partial overlapping serum 
bFGF median values with non significant reduced 
serum level (p11>0.05), while each of PDGF-BB 
and VEGF showed complete no overlapping with 
elevated non significant serum level(p11>0.05).   
Also, comparative study between patient 
subgroups received 1-4 cycles and those received 
more than 8 cycles identified partial non 
significant reduced bFGF serum level, while each 
of PDGF-BB and VEGF showed complete 
overlapping  medians values serum levels  with  
non significance difference values ( p12>0.05).
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Table 1: Angiogenic Markers serum levels in control subjects and patients with breast cancer; before and under- treatment versus 
controls 

Angiogenic 
Markers 

Cases 

median: pg/ml ( rang ) 

Significance 

    P- value 

Controls 

(N: 10 ) 

Pre- treatment 

(N: 32 ) 

Under treatment 

 (N: 36 ) 
P1 P2 P3 

 FGF 
32.85  

(17.76-49.27) 

37.79 

(14.99-88.32) 

26.73 

(6.18-65.35) 
0.111 0.170 0.000** 

PDGF  
1263.19* 

(537.01-1762.15) 

2742.30 

(334.59-11450.44) 

1145.13 

(36.31-3995.28) 
0.001* 0.958 0.000** 

VEGF 
11.55* 

(3.28-19.33) 

25.11 

(5.98-189.82) 

16.76 

(4.68-84.42) 
0.001* 0.053 0.007* 

 P1: Pre-treatment versus Controls. (t- test) 
P2: Under- treatment versus Controls. (t- test) 
P3:  Pre-treatment versus under treatment  
*Significant (p< o.o5) 
**Highly significant (p<0.001) 

A 

 
B 
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C 

 
Figure 1: Angiogenic markers serum levels in studded groups. Box plots of (a) basic fibroblast growth factor 
(bFGF). (B) platelet derived growth factor(PDGF-BB) (C) vascular endothelial growth factor (VEGF). The lower 
boundary of the box is the 25th percentile and the upper boundary is the 75th percentile. The bold line 
inside the box represents the median. * Cases with values more than 1.5 box lengths from the upper or 
lower edge of the box (extreme values). The largest and smallest observed values that are not extreme 
values are also shown 

A 

                           
 

B 
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C 

 
Figure 2: Receiver operating characteristic curve (ROC) of angiogenic markers in pretreated patients with 
breast cancer. (A) Basic fibroblast growth factor serum levels. (B) Platelet- derived growth factor. (C) 
Vascular endothelial growth factor. 
 
Table 2: Angiogenic markers accuracy, cutoff point serum level, sensitivity and Specificity in breast cancer patients pretreated. 

 

Table 3:  Correlation between Angiogenic marker serum levels in pretreated patients with breast cancer. 
 
 
 
 
  
 
 
 

 

 
 

                           

 

 

 Accuracy Cut off point 
(pg /ml) 

Specificity % Specificity % Asymptotic 95% Confidence Interval 

bFGF 0.669 50.47 31.3 % 100 % 0.483- 0.854 

PDGF-BB 0.859 1878.5 78.1 % 100 % 0.748- 0.971 

VEGF 0.852 19.58 65 % 100 % 0.734- 0.969 

 

Angiogenesis Markers 
 

Person  Correlation 
 

bFGF 
 

PDGF-BB 
 

VEGF 

bFGF 
Correlation Coefficient (r)  1 0.687**   0.696** 
Sig. (2-tailed) ( P )  0.000 0.000 

PDGF-BB 
correlation Correlation ( r )   0.696**   0.643** 1 
Sig. (2-tailed) ( P ) 0.000 0.000  

VEGF  
correlation Correlation ( r )   0.687** 1   0.643** 
Sig. (2-tailed) ( P ) 0.000  0.000 

 **. Correlation is significant at the 0.01 level (2-tailed). 
    r  = 0.5 – 0.6  ( weak positive correlation)            
    r  = 0.7           ( good positive correlation 
    r  = 0.8 – 0.9  ( strong positive correlation) 
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A 

 
                                                     

B 

 

C 

 
 

Figure 3: Receiver operating characteristic (ROC) curve of angiogenic markers in under-treatment breast cancer patients. (A) Basic 
fibroblast growth factor serum levels. (B) Platelet- derived growth factor. (C) Vascular endothelial growth factor. 
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Table 4: Angiogenic markers accuracy, cutoff point serum level, sensitivity and Specificity in breast cancer patients under-
treatment. 

 

Table 5: Correlation between Angiogenic Markers in under treatment patients with breast cancer 

Angiogenic Markers Pearson correlation  bFGF PDGF-BB VEGF 

 

bFGF 

Correlation Coefficient  (r) 1.000 0.687** 0.696** 

Sig. (2-tailed) ( P )  0.000 0.000 

      

        PDGF-BB 

Correlation Coefficient  (r) 0.567** 1.000 0.643** 

Sig. (2-tailed) ( P ) 0.000  0.000 

 

       VEGF 

Correlation Coefficient (r) 0.696** 0.643** 1.000 

Sig. (2-tailed) ( P ) 0.000 0.000  

            **. Correlation is significant at the 0.01 level (2-tailed). 

                       r = 0.5 – 0.6   (weak positive correlation)             
                       r = 0.7           (good positive correlation) 
                       r = 0.8 – 0.9   (strong positive correlation 

 
A 

 

 
Angiogenic 

Markers 

 
Accuracy  

 
Cut off point      

(pg/ml) 

 
Sensitivity 
% 

 
Specificity 
%  

 
Asymptotic 95% Confidence 
Interval 

bFGF 0.643 16.37 100 % 69.4 % 0.464 – 0.822 

PDGF-BB 0.506 536.14 100 % 61.1% 0.348 – 0.663 

VEGF 0.701 20.01 38.9 % 100 % 0.531 – 0.871 
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B 
 

 
C 

 
Figure 4: Angiogenic serum levels in studded groups and subgroups. Box plots of (a) basic fibroblast growth factor (bFGF). (B) 
platelet derived growth factor(PDGF-BB) (C) vascular endothelial growth factor (VEGF). The lower boundary of the box is the 25th 
percentile and the upper boundary is the 75th percentile. The bold line inside the box represents the median. * Cases with values 
more than 1.5 box lengths from the upper or lower edge of the box (extreme values). The largest and smallest observed values 
that are not extreme values are also shown 

 
Table 6: Angiogenic Markers serum levels in studied groups and subgroups. 

 

 

Markers 

Groups 

Controls 
(N: 10 ) 

Pre- treatment 
(N: 32 ) 

Under treatment 
 (N: 36 ) 

1-4  cycles 
(N=10  ) 

5-8 Cycles 
(N=18  ) 

>8cycles 
(N= 8 ) 

bFGF 32.85  
(17.76-49.27) 

37.79 
(14.99-88.32) 

31.08 
(9.02-65.350) 

24.90 
(8.52-56.02) 

       22.06 
(6.18-33.05) 

PDGF-BB  
1263.19 

(537.01-1762.15) 
1145.13 

(36.31-3995.28) 
1428.38 

(204.94-3828.37) 
948.56 

(36.31-3028.0) 
1108.90 

(313.25-3945.28) 
VEGF  

 
11.55 

(3.28-19.33) 
16.76 

(4.68-84.42) 
17.68 

(9.97-46.61) 
12.29 

(4068-84.42) 
16.72 

(11.04-35.13) 
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P4: control versus 1-4 cycles subgroup             P7: pretreatment versus 1-4cycles subgroup 
P5: control versus 5-8 cycles subgroup             P8; pretreatment versus 5-8 cycles subgroup 
P6: control versus >8 cycles subgroup               P9; pretreatment versus > 8 cycles subgroup 

                           *Significant ( p< o.o5)                                           **Highly significant (p<0.001) 
                                                                                 

A 

 
B 

 

 

 

 bFGF PDGF-BB VEGF 
P4 0.945 0.762 0.041* 

P5 0.172 0.774 O.240 
P6 0.033* 1.000 0.062 
P7 0.079 0.025 0.128 

P8 0.001* 0.000** 0.015** 
P9 0.000** 0.028* 0.112 
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C  

 
 

Figure 5: Receiver operating characteristic (ROC) curve of angiogenic markers in breast cancer patients under- treatment 
subgroups.  (A) Subgroup received (1-4) cycle. (B) Subgroup received (1-4) cycles. (C) Subgroup received > 8 cycle.  

 
Table 7: Angiogenic markers accuracy, cutoff point serum level, sensitivity and Specificity in breast cancer patients under-

treatment subgroups. 
 

 
 
 
 
 
 

 

 
Subgroups 

 
Factors 

 
Accuracy 

 
Cut off 
point 

(pg/ml) 

 
Sensitivity   

% 

 
Specificity 

% 

 
Asymptotic 95% Confidence 

Interval 
 

 
 

1-4 cycles 

    b FGF 0.510 21.197 90 % 70 % 0.245-0.775 

PDGF-BB 0.540 1879.75 40 % 100 % 0.251-0.829 

  VEGF 0.770 20.70 40 % 100 % 0.563-0.977 

 
 

5-8 Cycles 

   bFGF 0.342 52.64 %5.6 % 100 % 0.140-0.543 

PDGF-BB 0.467 1836.29 38.9 % 100 % 0.247-0.686 

  VEGF 0.636 20.01 38.9 % 100 % 0.426-0.846 

 

> 8 cycles 

   bFGF 0.200 50.27 0 % 100 % 0.007-0.407 

PDGF-BB 0.500 1955.79 37.5 % 100 % 0.194-0.806 

VEGF 0.763 10.81 100 % 50 % 0.0537-0.988 
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Table 8: Angiogenesis markers serum levels in under treatment therapy related subgroups. 

Factors 

Cases 

median: pg/ml ( rang ) 
Significance 
    P- value 

1-4 cycles 

(N:10 ) 

5-8 cycles 

(N: 18) 

 8 cycles 

 (N:8 ) 
P10 P11 P12 

     b FGF 31.08 
(9.02-65035) 

24. 90    
( 8052-56.02) 

22.06 
(6.18-33.05) 0.280 0.056 

 
0.266 
 

PDGF-BB  
 

1428.38 
(204.94-3828.37) 

 

948.56 
(36.31-3028.00) 

 

1108 
(313.25-3945.28) 

0.415 0.965 0.470 

 
 

VEGF 
 

17.68 

(9.96-46.61) 

12.29 

(4.68-84.42) 

16.76 

(4.68-84.42) 
0.502 0.965 0.374 

 P10: 1-4 cycles versus 5-8 cycles subgroups 
 P11: 1-4 cycles versus > 8 cycles subgroups 
 P12: 5-8 cycles versus > 8 cycles subgroups 

 
DISCUSSION 

Angiogenesis in normal and pathological 
conditions is multi-step process governed by 
positive and negative endogenous regulators. 
Many factors are involved in different step of 
angiogenesis, such as endothelial growth factor 
(VEGF), basic fibroblast growth factor (bFGF) or 
platelet-derived growth factor (PDGF-BB) [20]. 
When angiogenic balance shift taken place, the up-
regulation of several pro-angiogenic factors take 
place. Angiogenesis is an important and critical 
process for tumor growth and progression [48]. 

High levels of angiogenic markers suggested 
having a biological aggressive disease with high 
risk of recurrent and low benefit from 
conventional adjuvant therapy [55]. There is need 
for identifying a new predictive or prognostic 
marker that could prove useful in the stratification 
of patients in the direction of correct diagnosis and 
of more individualized treatment strategies. 

To the best of our knowledge, there are no 
published studies about serum level of some 
angiogenic markers assisted by Bio-Plex Pro assays 
as promising suggested rapid and sensitive panel 

tool as predictors for diagnosis and/or predictors 
for prognosis and recurrent of breast cancer after 
breast-sparing surgery. Also, to define subgroups 
of patients fitting into different treatment to 
improve clinical outcome,   

We performed a pretreated adjuvant therapy- 
control case study to verify the first objective, the 
potential of VEGF, bFGF and PDGF-BB serum levels 
panel tools as diagnostic markers in breast cancer 
patients or recurrent of tumor growth and tumor 
residual after surgery treatment. In the present 
study comparative statistic analysis revealed 
significant elevated serum level of VEGF and PDGF-
BB and non-significant elevated serum level of 
bFGF. Also, ROC analysis identified the cutoff point 
serum level for each marker that predict the 
preclinical or clinical tumor life span that recurrent 
cancer cell produce angiogenic factors, and 
identify when those factors become determinant 
in stimulating and supporting tumor growth. All of 
those subjects with detected serum level equal to 
or more than cut of point, for each of our studied 
markers, were detected only in pretreated therapy 
patients. They represent (10/32) 32% for bFGF, 
24/32 (75%) for PDGF-BB and (21/32) 65% for 
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VEGF. PDGF-BB and VEGF identified high accuracy, 
good sensitivity and high specificity, while bFGF 
showed good accuracy, high specificity, but in term 
of sensitivity highlight low value in those patients. 

In addition, relationship statistic analysis identified 
highly significant positive correlation between 
those angiogenic markers in pretreated therapy 
patient group. We suggested marked residual 
tumor tissue after surgery or recurrent of tumor 
growth. Our suggestion is confirmed by other 
studies reported that up-regulation of angiogenic 
markers is correlated with malignant tumors and 
contribute to tumor growth [56, 57].  

Also, many studies agree with our suggestion 
revealed that the aim of the primary surgery is 
cytoreduction to microscopic disease [58], which 
has an impact on survival in cancer [59, 60] and a 
positive association between serum angiogenic 
markers and the present of residual tumor after 
surgery [59,61]. The significant elevated pro-
angiogenic markers were identified in those 
patients whom complete resection was not 
successfully possible [20]. 

In our work, under treatment - pretreated therapy 
patient case study were carried on to evaluate the 
promise role of angiogenic markers suggested 
panel tools as predictors for the efficacy of 
choosing adjuvant therapy and suggested 
prognoses and management of breast cancer,  as 
well as, to assess the patient groups in terms of 
the different nature and ferocity of the disease 
and reaction to the drug user. Our results detected 
significant serum level reduction with in each of 
our studied markers in under treatment compared 
with pretreated patients groups. 

We suggested that, these results did not clearly 
highlight the efficacy of conventional adjuvant 
therapy regiment used, where those patient 
received, for suggested many reasons. The 
prognostic factors for breast cancer, that 
considered the principle for diagnosis and for 
choosing the adjuvant therapy regimen, has been 
reported to be not fully predicting individual 
clinical outcome mostly among stage II and III 
patients [48]. Also, our results showed elevated 
non significant serum level of those markers in 
under-treatment patients compared to base line 
measurement level. Furthermore, highly 
significant positive correlations between VEGF, 

bFGF and PDGF-BB have been identified in our 
work. For all of those reasons, we suggested that, 
breast cancer patients with elevated angiogenic 
markers serum levels assisted after primary 
surgery treatment and before receiving adjuvant 
therapy, have not the same clinical prognosis. 
Therefore, assessment serum levels of studied 
angiogenic markers in under-treatment therapy 
related subgroups- pretreated patients case were 
statistically analyzed and reported. These results 
identified and confirmed our suggestion. Despite 
the fact that these patients have the same 
diagnosis and went a primary surgery treatment, 
but do not have the same reaction toward the 
medication received. It clearly appear that, 
adjuvant therapy 1-4 cycles were not effective, 
while 5-8 cycles considered to be effective, on the 
other hand, those patients needed more than 8 
cycles identified a considerable resistant against 
this regimen. 

In addition, under-treatment therapy related 
subgroups-control case have been statistically 
studied and analyzed in order to provide additional 
information about therapy regimen efficacy for 
prognoses and optimal management of breast 
cancer prevalence using our suggested angiogenic 
markers panel tool. A considerable valuable result 
has been reported. Those patients treated with 1-4 
cycle therapy revealed elevated non-significant 
value for each of bFGF and PDGF-BB, while VEGF 
serum level identified significant higher level. 
Those patients received 5-8 cycles showed no 
significant reduction value between two groups. 
Treated subgroup patients received more than 
eight cycles identified elevated non-significant 
VEGF and PDGF-BB values, while bFGF serum level 
identified significant reduction level. Angiogenic 
markers serum values discriminate between 
patients and healthy subjects, where serum levels 
equal to or more than cut off point is identified 
only in breast cancer patients. 

Our results confirmed our hypothesis, where those 
breast cancer patients with elevated serum level 
of angiogenic markers have a biological aggressive 
case. Those patients identified low benefit from 
conventional adjuvant therapy which give a great 
chance for recurrent of tumor growth and bad 
prognosis. Tange et al. (2007) reported that 27 
patients, with elevated VEGF serum level 
determined before adjuvant therapy, showed a 
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significant decrease with therapy-responsive and 
stable disease, while those patients starting with 
significant higher level VEGF before conventional 
adjuvant therapy were correlated with response to 
adjuvant therapy at the end of 5-6 cycles [62]. At 
the time of progression, VEGF, bFGF and PDGF-BB 
are significantly increased. After two months of 
therapy, FGF values found to be highly significantly 
decreased and VEGF and PDGF-BB were 
significantly trend toward lower values [63].  Tang 
et al.(2007) study explaining our result and 
confirmed our suggestion, those patients treated 
with 1-4 cycles not response to conventional 
adjuvant therapy treatment, while intensive 
treatment could be indicator of the controlled 
disease status, otherwise, those patients needed 
more than 8 cycles represent some resistance and 
bad prognosis. On the other hand, some studies 
identified the benefit of anti-angiogenic therapy 
within those patients with elevated VEGF serum 
level. Calleri et al. (2009) identified by 
experimental studies that low dose of cytoxan 
(targeting anti-VEGF) causes a decreased in 
microvessel density, which leading to induction of 
hypoxia and induction of devising endothelial cell 
apoptosis [64]. Also, those patients with highly 
elevated angiogenic markers have not the same 
response toward the same conventional chosen 
therapy. Our result confirmed that our suggested 
panel tool of angiogenic markers could identify 
different subgroups of breast cancer patients with 
different benefits. 

In order to elucidate the potential relevance of our 
suggested angiogenic markers panel tool, the 
impact of tumor biology regarding their biological 
variation in circulation were discussed and 
explained. Angiogenesis markers regulate 
pathways in embryonal development, inducing 
mesenchymal epithelial signaling and multiple 
organ system [65, 66]. Those markers signaling 
regulate cell proliferation, differentiation, and 
survival, as well as angiogenesis and wound 
healing [67]. Pro-angiogenic factors up-regulation 
takes place when angiogenic balance shift taken 
place [2- 6]. In different situations, such as tumor 
angiogenesis, those markers act as negative 
regulators of proliferation and positive regulators 
of differentiation leading to tumor growth [68-71]. 
Also, angiogenesis markers play a pivotal role in 
tumor progression and metastasis [72, 73]. 

In tumor situation, there is a complex interplay 
between cancer cells, endothelial cells (ECs) and 
other cells, where angiogenic markers have a 
crucial role in this interaction [55]. In our study, 
serum level of VEGF, EGF and PDGF correlated 
with suggested residual tumor tissue left behind 
the primary surgery treatment. Also, under 
treatment therapy related subgroups identified 
breast cancer patient with bad prognosis. Even 
those patients received conventional adjuvant 
therapy 5-8 cycles suggested to be in high risk with 
silent cases, where angiogenic markers revealed 
elevated serum level without reaching back the 
baseline measurement of control subjects. 

VEGF is the most investigated and efficient 
angiogenic marker characterized twenty years ago 
[74]. Many studies identified the great role of 
VEGF in the angiogenic response essential for 
ductal tumors, mostly breast cancer [25-27, 75]. 
Other studies confirmed VEGF serum level 
correlation with cancer recurrence [28, 29], and its 
relevant biological role in the progression of breast 
cancer [76, 77]. Some studies identified VEGF 
serum level prognostic value in heterogenous 
patient’s population regardless type of adjuvant 
therapy administered [78]. 

In addition to VEGF, a lot of evidence has been 
accumulated in last 10 years that supports the 
contribution of PDGF-bb in developing 
angiogenesis in both normal and tumoral 
conditions [55, 79, 80,]. 

A lot of evidences support the implication of PDGF-
BB in tumor growth and development of specific 
lesions as a result of inflammatory diseases and 
atherosclerosis [81, 82]. Previous studies have 
demonstrated that the expression of PDGF-BB 
appeared to have an influence on clinical outcome 
and overall survival in cancer patients [83, 84]. 

As well as a relation to stage and residual tumor, 
serum PDGF-BB reported to have a prognostic 
value as well as clinicopathological parameters 
[84, 85, 86]. bFGF also reported in many studies as 
a potent pro-angiogenic factor with important role 
in breast cancer [87- 89]. bFGF serum level have 
been reported in other studies as a useful marker 
for early detection of sporadic cancer, within 
screening programs and in monitoring members of 
high risk breast cancer families [90]. On the other 
hand, some studies in contrast with our results 
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reported no direct interaction between FGF 
expression and angiogenesis in breast cancer [91, 
92]. 

Tumor angiogenesis as a result of up regulation of 
angiogenesis marker is performed through ways of 
mutual interactions [93]. Those angiogenic 
markers are considered the most potent 
endothelial cell mitogen, also a regulator of 
vascular permeability and a powerful prognostic 
tool [48, 78, 94-97]. In addition, they promote 
tumor associated angiogenesis by autocrine 
and/or paracrine mechanisms, as well as, 
migration during tumor invasion [98]. 

Cross talk results between VEGF, bFGF and PDGF-
BB in our work revealed the following: at 
pretreatment therapy patients, elevated non-
significant value for bFGF and significant elevated 
valued for each of VEGF and PDGF-BB, under 
treatment therapy patient group received 1-4 
cycles showed elevated non significant level for 
each of PDGF-BB and bFGF and significant elevated 
value for VEGF; on the other hand, those patients 
received more than 8 cycles identified with 
elevated non-significant VEGF serum level in 
contrast with significant reduction of bFGF serum 
value. In addition to those comparative results, 
each of angiogenic marker serum level clearly 
discriminates between healthy women and breast 
cancer patients. An important result must be taken 
in consideration that neither pretreated patients, 
nor under treatment patients’ angiogenic marker 
serum level reached back the baseline serum level 
of control subjects. 

Mutual interaction between VEGF, bFGF and 
PDGF-BB reported in many studies explained and 
clarified our results and supported our suggestion. 
There is evidence of cross-take between those 
markers [99-102]. VEGF induces angiogenesis by 
binding to its specific receptors, VEGFR and 
VEGFR2 [103]. PDGF induces angiogenesis by 
binding to its specific receptors PDGFRα and up-
regulation VEGF production and modulating the 
proliferation and recruitment of perivascular cells 
[81,104]. On the other hand, VEGF enhances 
endothelial PDGF-β expression, whereas FGF-2 
enhances perivascular PDGFRβ expression [105]. 
Increased PDGFRβ activity is associated with 
expression of VEGF-A and VEGFR-2 and resulted in 
increased vessel formation [106]. 

A significant relationship exists between VEGF and 
FGF during angiogenesis, where VEGF appears 
earlier during angiogenesis process than doe’s 
bFGF [107]. Induction of bFGF induced 
angiogenesis is partially dependent on the 
activation of VEGF and the presence of 
endogenous VEGF and VEGF-C [108]. Also, bFGF 
has been reported to have indirect effect on VEGF 
pathways in breast cancer [90].  

bFGF was found to activate hypoxia-induced VEGF 
release through augmentation of the 
phosphoinositide 3-kinase pathways and 
upregulation of neuroplipin-1 (NPRR-1) as well as 
hypoxia-inducible factor-1α expression [109]. 

It was suggested that bFGF acts as a sensitizer of 
endothelial cells to respond to PDGF-β signaling, 
and this signaling feeds back to peri-vascular cells 
to enhance their response to bFGF stimulation. 
These events lead to the development of new 
vessels, accelerated tumor growth and metastasis 
[110]. The link between PDGF-BB and tumor-
associated angiogenesis is supported by 
expression of tumor cells, and over expression was 
found to be correlated with MVD and poor survival 
in a large variety of human cancer [111-113]. 
Although, both PDGF-bb and bFGF expression is 
induced by HIF-1 under hypoxia conditions [91], 
PDGF-BB reported higher in MVD tumor, whereas 
bFGF inversely reported to MVD [91]. 

Overall, our obtained results confirmed that 
elevated angiogenesis markers suggested as 
biological aggressive disease with high risk of 
recurrence and low benefit from conventional 
adjuvant therapy. Those angiogenic markers could 
be identified as new predictive or prognostic 
markers that could be useful in stratification of 
patients in the direction of correct diagnosis and of 
more individualized treatment strategies. We 
recently published that VEGF considered as a risk 
marker that can indicate that colorectal cancer is 
more likely to occur in silent cases, whereas tumor 
markers carcinoembrionic antigen (CEA) and  
carsinogenic antigen(CA19.9) can indicate the 
presence of cancer [114]. Zhanget et al. (2006) 
explained the role of adjuvant  chemotherapy to 
kill micro metastasis that have high fraction, so 
sensitivity to cytotoxic therapy [115]. Advantage of 
targeted therapy was discussed by Watanabe 
2008, who reported that targeted therapies 
“target cancer cell” minimize damage to 
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noncancerous cells and increase neovascular 
damage as another possible mechanism that 
improves angiogenic markers-targeted agents 
combining with   conventional cytotoxic therapy 
[116]. Carrato 2008 also reported that anti-
angiogenesis therapy inhibits angiogenesis marker 
receptor signaling in tumor cells may potentiate 
the effects of cytotoxic drugs by inhibiting anti-
apoptotic regulators or some other survival 
mechanisms in tumor cells [117] 

In many pathological conditions, mostly in 
proliferative lesions, therapeutic inhibition of only 
one angiogenic factor not effective for inhibiting 
angiogenesis, which reported to result in a slight 
decrease in MVD. In contrast, combined inhibition 
of VEGF, PDGF-BB and bFGF results in a marked 
inhibition of angiogenesis and uncompleted blood 
vessel maturation [81]. Timke et. al. 2008 found 
that anti-angiogenesis therapy are inhibitors for 
tyrosin kinase effect on ECs, enhanced apoptosis, 
reduced cell proliferation, reduced migration of 
ECs and stopped tube formation  [118]. 

CONCLUSION  

Overall our results confirmed that suggested panel 
tool of VEGF, PDGF-BB and bFGF serum levels 
assessed by Bio-Plex ® Pro Assays for Angiogenesis 
Factors Quantification is useful for the early 
detection of breast cancer within screening 
programs, suitable for prospective studies for 
breast cancer diagnosis and  /or recurrence of 
tumor, in prognosis and monitoring members of 
high- risk breast cancer families. Also, our 
suggested panel angiogenesis marker tool is useful 
for identifying subgroups of patients fitting into 
different treatment to improve clinical outcome. 

Treatment strategy should be taken in 
consideration to avoid unnecessary conventional 
adjuvant therapy in high-risk patients with high 
serum level of angiogenesis markers, in addition to 
use anti- angiogenesis markers both as a target for 
therapy and potentially predictive markers for 
novel therapeutic strategies. That suggested panel 
tool gives an evaluating angiogenesis marker set in 
serum that therefore may play important role in 
selecting breast cancer patients for combination 
therapy consisting individual chosen anti- 
angiogenic drugs. 

Understanding of the codependence of chronic 
inflammation and angiogenesis have been 

considered as a potential benefit of targeting 
angiogenesis and chronic inflammation through 
identification of the role of molecular changes as 
predictor causes of breast cancer advancement 
and metastatic development. Accordingly 
approaches for newly diagnostic markers   

REFERENCE   

1. Poon RT, Fan ST & Wong J. Clinical implications 
of circulating angiogenic factors in cancer 
patients. J Clin Oncol. 20011; 9 (4):1207–1225 

2.  Folkman J. Role of angiogenesis in tumor 
growth and metastasis. Semin Oncol. 200229; 
15-18. 

3. Hanahan D and Weinberg RA. Hallmarks of 
cancer: the next generation. Cell. 2011; 144: 
646-674. 

4. Folkman J. What is the evidence that tumors 
are angiogenesis dependent?. J Natl Cancer 
Inst. 1990; 82: 4-6. 

5. Bergers G and Benjamin LE. Tumorigenesis and 
the angiogenic switch. Nat Rev Cancer. 2003; 
3: 401-410. 

6. Hanahan D and Folkman J. Patterns and 
emerging mechanisms of the angiogenic 
switch during tumorigenesis. Cell. 1996; 86: 
353-364,. 

7.  Cao R, Brakenhielm E, Pawliuk R, Wariaro D, 
Post MJ, Wahlberg E, Leboulch P and Cao Y. 
Angiogenic synergism, vascular stability and 
improvement of hind-limb ischemia by a 
combination  of PDGF-BB and FGF-2. Nat Med. 
2003; 9: 604-613. 

8. Kano MR, Morishita Y, Iwata C, Iwasaka S, 
Watabe T, Ouchi Y, Miyazono K and Miyazawa 
K. VEGF-A and FGF-2 synergistically promote 
neoangiogenesis through enhancement of 
endogenous PDGF-B-PDGFRbeta signaling. J 
Cell Sci. 2005; 118: 3759-3768.  

9.  Baeriswyl V & Christofori G. The angiogenic 
switch in carcinogenesis. Semin Cancer Biol. 
2009; 19(5):329–337 

10. Brem SS, Gullino PM, Medina D. Angiogenesis: 
a marker for neoplastic transformation of 
mammary papillary hyperplasia.Science 
1977;195:880-882. 

11.  Zajchowski DA, Band V, Trask DK et al. 
Suppression of tumor-forming ability and 
related traits in MCF-7 human breast cancer 
cells by fusion with immortal mammary 



 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
39 

epithelial cells. Proc Natl Acad Sci USA. 1990; 
87:2314-2318. 

12. McLeskey SW, Kurebayashi J, Honig SF et al. 
Fibroblast growth factor 4 transfection of 
MCF-7 cells produces cell lines that are 
tumorigenic and metastatic in ovariectomized 
or tamoxifen-treated athymic nude mice. 
Cancer Res. 1993; 53:2168-2177. 

13.  Weinstat-Saslow DL, Zabrenetzky VS, 
VanHoutte K et al.Transfection of 
thrombospondin complementary DNA into a 
human breast carcinoma cell line reduces 
primary tumor growth, metastatic potential, 
and angiogenesis. Cancer Res. 1994; 54:6504-
6511. 

14.  Zhang HT, Craft P, Scott PA et al. 
Enhancement of tumor growth and vascular 
density by transfection of vascular endothelial 
cell growth factor into MCF-7 human breast 
carcinoma cells. J Natl Cancer Inst 
1995;87:213-219. 

15.  Zhang L, Kharbanda S, Chen D et al. MCF-7 
breast carcinoma cells overexpressing FGF-1 
form vascularized metastatic tumors in 
ovariectomized or tamoxifen-treated nude 
mice. Oncogene. 1997; 15:2093-2108 

16. Turner N and Grose R. Fibroblast growth factor 
signalling: From development to cancer. Nat 
Rev Cancer. 2010; 10: 116-129,  

17.  Pasieka Z, Stepien H, Komorowski J, Kolomecki 
K and Kuzdak K. Evaluation of the levels of 
bFGF, VEGF, sICAM-1, and sVCAM-1 in serum 
of patients with thyroid cancer: Recent Results 
Cancer Res. 2003; 162: 189-194. 

18. Rahbari NN, Reissfelder C, Muhlbayer M, 
Weidmann K, Kahlert C, Buchler MW, Weitz J 
and Koch M. Correlation of circulating 
angiogenic factors with circulating tumor cells 
and disease recurrence in patients undergoing 
curative resection for colorectal liver 
metastases. Ann Surg Oncol. 2011; 18: 2182-
2191. 

19. Uzzan B, Nicolas P, Cucherat M & Perret GY. 
Microvessel density as a prognostic factor in 
women with breast cancer: a systematic 
review of the literature and meta-analysis. 
Cancer Res. 2004; 64(9):2941–2945 

20. CHRISTINE V M, , KARINA D S ,DORTE AALUND 
O, MARIANNE W,CHARLOTTE H, SØGAARD, 
IVAN B, and ANDERS J.  Serum Platelet-derived 
Growth Factor and Fibroblast Growth Factor in 

Patients with Benign and Malignant Ovarian 
Tumors. ANTICANCER RESEARCH. 2012; 32: 
3817-3826. 

21.  Diaz-Flores L, Gutierrez R and Varela H: 
Angiogenesis: an update. Histol Histopathol. 
1994; 9: 807-843. 

22. Ferrara N and Davis-Smyth T: The biology of 
vascular endothelial growth factor. Endocr 
Rev. 1997; 18: 4-25. 

23. Senger DR, Galli SJ, Dvorak AM, Perruzzi CA, 
Harvey VS and Dvorak HF. Tumor cells secrete 
a vascular permeability factor that promotes 
accumulation of ascites fluid. Science. 1983; 
219: 983-985. 

24. Dirix LY, Vermeulen PB, Pawinski A et al. 
Elevated levels of the angiogenic cytokines 
basic fibroblast growth factor and vascular 
endothelial growth factor in sera of cancer 
patients. B J Cancer 76. 1997; 238-243. 

25. Relf M, LeJeune S, Scott PA et al: Expression of 
the angiogenic factors vascular endothelial cell 
growth factor, acidic and basic fibroblast 
growth factor, tumor growth factor beta-1, 
plateletderived endothelial cell growth factor, 
placenta growth factor, and pleiotrophin in 
human primary breast cancer and its relation 
to angiogenesis. Cancer Res. 1997; 57: 963-
969. 

26. Brown LF, Berse B, Jackman RW et al. 
Expression of vascular permeability factor 
(vascular endothelial growth factor) and its 
receptors in breast cancer. Hum Pathol. 1995; 
26: 86-91. 

27. Yoshiji H, Gomez DE, Shibuya M and 
Thorgeirsson UP. Expression of vascular 
endothelial growth factor, its receptor, and 
other angiogenic factors in human breast 
cancer. Cancer Res 1996; 56: 2013-2016. 

28.  Obermair A, Kucera E, Mayerhofer K et al. 
Vascular endothelial growth factor (VEGF) in 
human breast cancer: correlation with disease-
free survival. Int J Cancer. 1997;74: 455-458,. 

29.  Gasparini G, Toi M, Gion M et al: Prognostic 
significance of vascular endothelial growth 
factor protein in node-negative breast 
carcinoma. J Natl Cancer Inst. 1997; 89: 139-
147. 

30.  Abdollahi A and Folkman J: Evading tumor 
evasion. Current concepts and perspectives of 
anti-angiogenic cancer therapy: Drug Resist 
Updat. 2010; 13: 16-28. 



 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
40 

31. Nugent MA and Iozzo RV. Fibroblast growth 
factor-2. Int J Biochem Cell Biol.  2000; 32: 
115-120. 

32.  Ornitz DM and Itoh N. Fibroblast growth 
factors. Genome Biol 2. 2001; 3005.1-3005.12. 

33. Presta M, Dell’Era P, Mitola S, Moroni E, Ronca 
R and Rusnati M. Fibroblast growth 
factor/fibroblast growth factor receptor 
system in angiogenesis. Cytokine Growth 
Factor Rev. 2005; 16: 159-178. 

34. Turner N and Grose R: Fibroblast growth factor 
signaling. From development to cancer. Nat 
Rev Cancer. 2001; 10: 116-129,  

35.  Granato AM, Nanni O, Falcini F, Folli S, 
Mosconi G, De PF, Medri L, Amadori D and 
Volpi A. Basic fibroblast growth factor and 
vascular endothelial growth factor serum 
levels in breast cancer patients and healthy 
women: Useful as diagnostic tools?. Breast 
Cancer Res.  2004; 6: R38-R45. 

36. Rykala J, Przybylowska K, Majsterek I, Pasz-
Walczak G, Sygut A, Dziki A and Kruk-Jeromin J. 
Angiogenesis marker quantification in breast 
cancer and their correlation with 
clinicopathological prognostic variables. Pathol 
Oncol Res. 2011; 17: 809-817. 

37. Heldin CH and Westermark B. Mechanism of 
action and in vivo role of platelet-derived 
growth factor. Physiol Rev. 1999; 79: 1283-
1316. 

38.  Westermark B, Siegbahn A, Heldin CH and 
Claesson-Welsh L. B-Type receptor for 
platelet-derived growth factor mediates a 
chemotactic response by means of ligand-
induced activation of the receptor protein-
tyrosine kinase.  Proc Natl Acad Sci USA. 1990; 
87: 128-132. 

39. Forsberg K, Valyi-Nagy I, Heldin CH, Herlyn M 
and Westermark B. Platelet-derived growth 
factor (PDGF) in oncogenesis: development of 
a vascular connective tissue stroma in 
xenotransplanted human melanoma 
producing PDGF-BB. Proc Natl Acad Sci USA.  
1993; 90: 393-397. 

40. Pietras K and Ostman A. Hallmarks of cancer: 
interactions with the tumor stroma. Exp Cell 
Res. 2010; 316: 1324-1331. 

41.  Schmitt J and Matei D. Platelet-Derived 
Growth Factor Pathway Inhibitors in Ovarian 
Cancer. Clinical Ovarian Cancer. 2008; 1: 120-
126,. 

42. Yu J, Moon A and Kim HR: Both platelet-
derived growth factor receptor (PDGFR)-alpha 
and PDGFR-beta promote murine fibroblast 
cell migration. Biochem Biophys Res Commun. 
2001; 282: 697-700. 

43.  Hellberg C, Ostman A and Heldin CH: PDGF 
and vessel maturation. Recent Results Cancer 
Res. 2010; 180: 103-114. 

44.  Lindahl P, Johansson BR, Leveen P and 
Betsholtz C. Pericyte loss and microaneurysm 
formation in PDGF-B-deficient mice. Science.  
1997; 277: 242-245. 

45. Balsari A, Maier JA, Colnaghi MI, Ménard S. 
Correlation between tumor vascularity, 
vascular endothelial growth factor production 
by tumor cells, serum vascular endothelial 
growth factor levels, and serum angiogenic 
activity in patients with breast carcinoma. Lab 
Invest. 1999; 79(7):897–902. 

46.  Zhao J, Yan F, Ju H, Tang J, Qin J. Correlation 
between serum vascular endothelial growth 
factor and endostatin levels in patients with 
breast cancer. Cancer Lett. 2004; 204(1):87–
95. 

47. Duranyildiz D, Camlica H, Soydinc HO, Derin D, 
Yasasever V. Serum levels of angiogenic 
factors in early breast cancer remains close to 
normal. Breast.  2009; 18(1):26–29. 

48. Jan Rykala & Karolina Przybylowska & Ireneusz 
Majsterek & Grazyna Pasz-Walczak &Andrzej 
Sygut & Adam Dziki & Julia Kruk-Jeromin. 
Angiogenesis Markers Quantification in Breast 
Cancer and Their Correlation with 
Clinicopathological Prognostic Variables. 
Pathol. Oncol. Res. 2011; 17:809–817  DOI 
10.1007/s12253-011-9387-6 

49.  Liang JT, Huang KC, Jeng YM, Lee PH, Lai HS, 
Hsu HC . Microvessel density, cyclo-oxygenase 
2 expression, K-ras mutation and p53 
overexpression in colonic cancer. Br J Surg. 
2004; 91(3):355–361 

50. Balacescu O, Neagoe I, Balacescu L, Crisan N, 
Feciche B, Tudoran O, Coman I, Irimie A. 
Angiogenesis serum protein quantification for 
prostate. Pathology Curr Urol. 2008; 2 :181–
187. 

51.  Krzystek-Korpacka M, Neubauer K and 
Matusiewicz M. Plateletderived growth factor-
BB reflects clinical, inflammatory and 
angiogenic disease activity and oxidative stress 



 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
41 

in inflammatory bowel disease. Clin Biochem. 
2009; 42: 1602-1609. 

52.  Zimmermann R, Koenig J, Zingsem J, Weisbach 
V, Strasser E, Ringwald J and Eckstein R. Effect 
of specimen anticoagulation on the 
measurement of circulating platelet-derived 
growth factors. Clin Chem . 20055; 1: 2365-
2368. 

53.  Linderholm B, Tavelin B, Grankvist K et al. 
Vascular endothelial growth factor is of high 
prognostic value in node-negative breast 
carcinoma. J Clin Oncol. 1998; 16:3121-3128. 

54.  Linderholm B, Lindh B, Tavelin B. p53 and 
vascular endothelial growth factor (VEGF) 
expression predicts outcome in 833 patients 
with primary breast carcinoma. Int J Cancer. 
2000; 89:51-62. 

55. Marius R, and Anca M. Platelet-Derived 
Growth Factor (PDGF)/PDGF Receptors 
(PDGFR) Axis as Target for Antitumor and 
Antiangiogenic Therapy. Pharmaceuticals. 
2010; 3, 572-599; Review ISSN 1424-8247  

56. Barton DP, Cai A, Wendt K, Young M, Gamero 
A and De CS. Angiogenic protein expression in 
advanced epithelial ovarian cancer. Clin Cancer 
Res. 1997; 3: 1579-1586.  

57. Le Page C, Ouellet V, Madore J, Hudson TJ, 
Tonin PN, Provencher DM and Mes-Masson 
AM. From gene profiling to diagnostic markers: 
IL-18 and FGF-2 complement CA125 as serum-
based markers in epithelial ovarian cancer. Int 
J Cancer. 2006; 118: 1750-1758. 

58. Stuart GC, Kitchener H, Bacon M, duBois A, 
Friedlander M, Ledermann J, Marth C, Thigpen 
T, and Trimble E. Gynecologic Cancer 
InterGroup (GCIG) consensus statement on 
clinical trials in ovarian cancer: report from the 
Fourth Ovarian Cancer Consensus Conference. 
Int J Gynecol Cancer. 2011; 21: 750-755. 

59. du BA, Reuss A, Pujade-Lauraine E, Harter P, 
Ray-Coquard I and Pfisterer J. Role of surgical 
outcome as prognostic factor in advanced 
epithelial ovarian cancer: a combined 
exploratory analysis of 3 prospectively 
randomized phase 3 multicenter trials: by the 
Arbeitsgemeinschaft Gynaekologische 
Onkologie Studiengruppe Ovarialkarzinom 
(AGO-OVAR) and the Groupe d’Investigateurs 
Nationaux Pour les Etudes des Cancers de 
l’Ovaire (GINECO). Cancer. 2009; 115: 1234-
1244,. 

60. Apte SM, Bucana CD, Killion JJ, Gershenson 
DM and Fidler IJ. Expression of platelet-
derived growth factor and activated receptor 
in clinical specimens of epithelial ovarian 
cancer and ovarian carcinoma cell lines. 
Gynecol Oncol.  2004; 93: 78-86. 

61. Bristow RE, Tomacruz RS, Armstrong DK, 
Trimble EL and Montz FJ. Survival effect of 
maximal cytoreductive surgery for advanced 
ovarian carcinoma during the platinum era: A 
metaanalysis. J Clin Oncol 20. 2002; 1248-
1259. 

62. Tang JH, Zhao JH, Gong JP, Qin JW, Pan LQ 
& Xu ZY;(). Effects of chemotherapy on 
circulating angiogenic factor levels in patients 
with breast cancer. Zhonghua Zhong Liu Za Zhi. 
2007; 29(3):210-214. 

63. Calleri A, Bono A, Bagnardi V, Quarna 
J, Mancuso P, Rabascio C, Dellapasqua 
S, Campagnoli E, Shaked Y, Goldhirsch 
A, Colleoni M & Bertolini F. Predictive 
potential of angiogenic growth factors and 
circulating endothelial cells in breast cancer 
patients receiving metronomic chemotherapy 
plus bevacizumab. Clinical cancer 
research. 2009; 15(24), 7652-7657.  

64. Shaked Y, Emmenegger U, Francia G, Chen 
L, Lee CR, Man S, Paraghamian A, Ben-David Y 
& Kerbel RS. Low-dose metronomic combined 
with intermittent bolus-dose 
cyclophosphamide is an effective long-term 
chemotherapy treatment strategy. Cancer Res. 
2005; 65(16):7045–7051. 

65.  De Moerlooze L, Spencer-Dene B, Revest JM, 
Hajihosseini M, Rosewell I, Dickson C. An 
important role for the IIIb isoform of fibroblast 
growth factor receptor 2 (FGFR2) in 
mesenchymal-epithelial signalling during 
mouse organogenesis. Development. 2000; 
127:483–92. 

66. Yamaguchi TP, Harpal K, Henkemeyer M, 
Rossant J. fgfr-1 is required for embryonic 
growth and mesodermal patterning during 
mouse gastrulation. Genes Dev 1994;8:3032–
44 

67. Baird A, Esch F, Morm_ede P, Ueno N, Ling N, 
B€ohlen P, et al. Molecular characterization of 
fibroblast growth factor: distribution and 
biological activities in various tissues. Recent 
Prog Horm Res. 1986; 42:143–205. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Gong%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Qin%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Pan%20LQ%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=17649639
http://www.ncbi.nlm.nih.gov/pubmed/17649639
http://www.ncbi.nlm.nih.gov/pubmed?term=Calleri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Bono%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Bagnardi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Quarna%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Quarna%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Quarna%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Mancuso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Rabascio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Dellapasqua%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Dellapasqua%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Dellapasqua%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Campagnoli%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Shaked%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldhirsch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldhirsch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldhirsch%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Colleoni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Bertolini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19996223
http://www.ncbi.nlm.nih.gov/pubmed?term=Shaked%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Emmenegger%20U%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Francia%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Man%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Paraghamian%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Ben-David%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16103050
http://www.ncbi.nlm.nih.gov/pubmed?term=Kerbel%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=16103050


 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
42 

68.  Colvin JS, Bohne BA, Harding GW, McEwen 
DG, Ornitz DM. Skeletal overgrowth and 
deafness in mice lacking fibroblast growth 
factor receptor 3. Nat Genet. 1996; 12: 390–7. 

69. Grose R, Dickson C. Fibroblast growth factor 
signaling in tumorigenesis. Cytokine Growth 
Factor Rev. 2005; 16: 179–86. 

70. Dickson C, Spencer-Dene B, Dillon C, Fantl V. 
Tyrosine kinase signalling in breast cancer. 
Fibroblast growth factors and their receptors. 
Breast Cancer Res. 2000; 2:191–6. 

71. Feng S, Wang F, Matsubara A, Kan M, 
McKeehan WL. Fibroblast growth factor 
receptor 2 limits and receptor 1 accelerates 
tumorigenicity of prostate epithelial cells. 
Cancer Res. 1997; 57: 5369–78. 

72. Kieser A, Weich HA, Brandner G et al. Mutant 
p53 potentiates protein kinase C induction of 
vascular endothelial growth factor expression. 
Oncogene. 1994; 9:963-969. 

73. Li J, Perrella MA, Tsai JC et al. Induction of 
vascular endothelial growth factor gene 
expression by interleukin-1 beta in rat aortic 
smooth muscle cells. J Biol Chem. 1995; 
270:308-312. 

74. Ferrara, N.; Henzel, W.J. Pituitary follicular 
cells secrete a novel heparin-binding growth 
factor specific for vascular endothelial cells. 
Biochem. Biophys. Res. Commun. 1989; 161, 
851–858. 

75. Adams J, Carder PJ, Downey S, Forbes MA, 
MacLennan K, Allgar V, Kaufman S, Hallam S, 
Bicknell R, Walker JJ, Cairnduff F, Selby PJ, 
Perren TJ, Lansdown M, Banks RE. Vascular 
endothelial growth factor (VEGF) in breast 
cancer: comparison of plasma, serum, and 
tissue VEGF and microvessel density and 
effects of tamoxifen. Cancer Res. 2000; 
60:2898-2905. 

76. Weinstat-Saslow DL, Zabrenetzky VS, 
VanHoutte K et al. Transfection of 
thrombospondin 1 complementary DNA into a 
human breast carcinoma cell line reduces 
primary tumor growth, metastatic potential, 
and angiogenesis. Cancer Res. 1994; 54 : 6504-
6511. 

77. Zhang HT, Craft P, Scott PA et al. Enhancement 
of tumor growth and vascular density by 
transfection of vascular endothelial cell growth 
factor into MCF-7 human breast carcinoma 
cells. J Natl Cancer Inst. 1995; 87 :213-219. 

78. GIAMPIETRO G. Prognostic Value of Vascular 
Endothelial Growth Factor in Breast Cancer. 
The Oncologist. 2000;5(suppl 1):37-44  

79. Ek, B.; Heldin, C.H. Characterization of a 
tyrosine-specific kinase activity in human 
fibroblast membranes stimulated by platelet-
derived growth factor. J. Biol. Chem. 1982; 
257,10486–10492 

80. Stice, L.L.; Vaziri, C.; Faller, D.V. Regulation of 
platelet-derived growth factor signaling by 
activated p21Ras. Front. Biosci. 1999; 15, D72–
86. 

81.  Laschke, M.W.; Elitzsch, A.; Vollmer, B.; 
Vajkoczy, P.; Menger, M.D. Combined 
inhibition of vascular endothelial growth factor 
(VEGF), fibroblast growth factor and platelet-
derived growth factor, but not inhibition of 
VEGF alone, effectively suppress angiogenesis 
and vessel maturation in endometriotic 
lesions. Hum. Reprod. 2006, 21, 262–268. 

82. von Tell, D.; Armulik, A.; Betsholtz, C. Pericyte 
and vascular stability. Exp. Cell. Res. 2006, 312, 
623–629. 

83. Rolny, C.; Nilsson, I.; Magnusson, P.; Armulik, 
A.; Jakobsson, L.; Wentzel, P.; Lindblom, P.; 
Norlin, J.; Betsholtz, C.; Heuchel, R.; Welsh, M.; 
Claesson-Welsh, L. Platelet-derived growth 
factor receptor-β promotes early endothelial 
cell differentiation. Blood. 2006, 108, 1877–
1886. 

84.  Dong, J.; Grunstein, J.; Tejada, M.; Peale, F.; 
Frantz, G.; Liang, W.C.; Bai, W.; Yu, L.; 
Kowalski, J.; Liang, X.; Fuh, G.; Gerber, H.P.; 
Ferrara, N. VEGF-null cells require PDGFR 
alpha signaling-mediated stromal fibroblast 
recruitment for tumorigenesis. EMBO J. 2004, 
23, 2800–2810. 

85. Gerhardt, H.; Betsholtz, C. Endothelial-pericyte 
interactions in angiogenesis. Cell Tissue Res. 
2003, 314, 15–23. 

86. French, W.J.; Creemers, E.E.; Tallquist, M.D. 
Platelet-derived growth factor receptors direct 
vascular development independent of vascular 
smooth muscle cell function. Mol. Cell. Biol. 
2008, 28, 5646–5657. 

87. Vlodavsky I, Korner G, Ishai-Michaeli R, 
Bashkin P, Bar-Shavit R, Fuks Z. Extracellular 
matrix-resident growth factors and enzymes: 
possible involvement in tumor metastasis and 
angiogenesis. Cancer Metastasis Rev. 1990, 
9:203-226. 



 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
43 

88.  Nguyen M, Watanabe H, Budson AE, Richie JP, 
Hayes DF, Folkman J. Elevated levels of an 
angiogenic peptide, basic fibroblast growth 
factor, in the urine of patients with a wide 
spectrum of cancers. J Natl Cancer Inst. 1994, 
86:356-361. 

89. Takei Y, M Kurobe, A Uchida, K Hayash. Serum 
concentrations of basic fibroblast growth 
factor in breast cancer [letter to the editor]. 
Clin Chem. 1994, 40:1980-1981. 

90. Anna M G, Oriana N, Fabio F, Secondo F, 
Gabriella M, Franca D P, Laura M, Dino A and 
Annalisa V. Basic fibroblast growth factor and 
vascular endothelial growth factor serum 
levels in breast cancer patients and healthy 
women: useful as diagnostic tools. Breast 
Cancer Research. Vol 6 No 1  

91.  Bos R, van Diest PJ, de Jong JS, van der Groep 
P, van der Valk P,  van derWall E . Hypoxia-
inducible factor-1alpha is associated  with 
angiogenesis, and expression of bFGF, PDGF-
BB, and EGFR  in invasive breast cancer. 
Histopathology. 2005; 46(1):31–36 

92. Shi YH, Bingle L, Gong LH, Wang YX, Corke KP, 
Fang WG. Basic FGF augments hypoxia induced 
HIF-1-alpha  expression and VEGF release in 
T47D breast cancer cells.  Pathology. 2007; 
39(4):396–400 

93. Ferrara N and Kerbel RS. Angiogenesis as a 
therapeutic target. Nature. 2005; 438: 967-
974. 

94.  Locopo N, Fanelli M, Gasparini G. Clinical 
significance of  angiogenic factors in breast 
cancer. Breast Cancer Res Treat. 1998; 52:159-
173. 

95. Ellis LM, Fidler IJ. Angiogenesis and breast 
cancer metastasis  [comment]. Lancet. 1995; 
346:388-390. 

96.  Gasparini G. Biological and clinical role of 
angiogenesis in  breast cancer. Breast Cancer 
Res Treat. 1995; 36:103-107. 

97.  Folkman J. Tumor angiogenesis in women 
with node-positive  breast cancer. Cancer J Sci 
Am. 1995; 1:106. 

98. Guo, P.; Hu, B.; Gu, W.; Xu, L.; Wang, D.; 
Huang, H.J.S.; Cavenee, W.K.; Cheng, S.Y. 
Plateletderived  growth factor-B enhances 
glioma angiogenesis   by stimulating vascular 
endothelial growth factor expression in tumor 
endothelia and by promoting pericyte 

recruitment. Am. J.  Pathol. 2003; 162, 1083–
1093. 

99. Presta M, Dell’Era P, Mitola S, Moroni E, Ronca 
R, Rusnati M. Fibroblast growth 
factor/fibroblast growth factor receptor 
system in angiogenesis. Cytokine Growth 
Factor Rev. 2005; 16:159–78. 

100. Pepper MS, Ferrara N, Orci L, Montesano 
R. Potent synergism between vascular 
endothelial growth factor and basic fibroblast 
growth factor in the induction of angiogenesis 
in vitro. Biochem Biophys Res Commun. 1992; 
189:824–31. 

101.  Nissen LJ, Cao R, Hedlund E-M, Wang Z, 
Zhao X, Wetterskog D, et al. Angiogenic factors 
FGF2 and PDGF-BB synergistically promote 
murine tumor neovascularization and 
metastasis. J Clin Invest. 2007; 117:2766–77. 

102. Shen J, Vil MD, Prewett M, Damoci C, 
Zhang H, Li H, et al. Development of a fully 
human anti-PDGFRbeta antibody that 
suppresses growth of human tumor xenografts 
and enhances antitumor activity of an anti-
VEGFR2 antibody. Neoplasia. 2009; 11:594–
604. 

103. Ferrara, N.; Kerbel, K.S. Angiogenesis as a 
therapeutic target. Nature Insight. 2005; 
438,967–974. 

104. Lindahl, P.; Boström, H.; Karlsson, L.; 
Hellström, M.; Kalén, M.; Betsholtz, C. Role of 
plateletderived growth factors in angiogenesis 
and alveogenesis. Curr. Top. Pathol. 1999; 93, 
27–33. 

105. Kano, M.R.; Morishita, Y.; Iwata, C.; 
Iwasaka, S.; Watabe, T.; Ouchi, Y.; Miyazono, 
K.; Miyazawa, K. VEGF-A and FGF-2 
synergistically promote neoangiogenesis 
through enhancement of endogenous PDGF-B-
PDGFRbeta signaling. J. Cell. Sci. 2005; 118, 
3759–3768. 

106. Magnusson, P.U.; Looman, C.; Ahgren, A.; 
Wu, Y.; Claesson-Welsh, L.; Heuchel, R.L. 
Plateletderived growth factor receptor-beta 
constitutive activity promotes angiogenesis in 
vivo and in vitro. Arterioscler. Thromb. Vasc. 
Biol. 2007; 27, 2142–2149. 

107. Presta M, Dell’Era P, Mitola S, Moroni E, 
Ronca R, Rusnati M. Fibroblast growth 
factor/fibroblast growth factor receptor 
system in angiogenesis. Cytokine Growth 
Factor Rev. 2005; 16:159–78. 



 
Nahla Hamed Anber al.,Journal of Biomedical and Pharmaceutical Research  

 

© 2016 All Rights Reserved.                                                                                 CODEN (USA): JBPRAU 
44 

108. Furuhashi, M.; Sjöblom, T.; Abramsson, A.; 
Ellingsen, J.; Micke, P.; Li, H.; Bergsten-
Folestad, E.; Eriksson, U.; Heuchel, R.; 
Betsholtz, C.; Heldin, C.H.; Ostman, A. Platelet-
derived growth factor production by B16 
melanoma cells leads to increased pericyte 
abundance in tumors and an associated 
increase in tumor growth rate. Cancer Res. 
2004; 64, 2725–2733. 

109. Campbell, J.S.; Johnson, M.M.; Bauer, R.L.; 
Hudkins, K.L.; Gilbertson, D.G.; Riehle, K.J.; 
Yeh, M.M.; Alpers, C.E.; Fausto, N. Targeting 
stromal cells for the treatment of platelet-
derived growth factor C-induced 
hepatocellular carcinogenesis. Differentiation. 
2007; 75, 843–852. 

110.  Nissen, L.J.; Cao, R.; Hedlund, E.M.; Wang, 
Z.; Zhao, X.; Wetterskog, D.; Funa, K.; 
Bråkenhielm, E.; Cao, Y. Angiogenic factors 
FGF2 and PDGF-BB synergistically promote 
murine tumor neovascularization and 
metastasis. J. Clin. Invest. 2007; 117, 2766–
2777. 

111. Li, C.; Shintani, S.; Terakado, N.; Klosek, 
S.K.; Ishikawa, T.; Nakashiro, K.; Hamakawa, H. 
Microvessel density and expression of vascular 
endothelial growth factor, basic fibroblast 
growth factor, and platelet-derived growth 
factor in oral squamous cell carcinoma. Int. J. 
Oral Maxilofac. Surg. 2005; 34, 559–563. 

112.  Fujimoto, K.; Hosotani, R.; Wada, M.; Lee, 
J.-U.; Koshiba, T.; Miyamoto, Y.; Tsuji, S.; 
Nakajima, S.; Doi, R.; Imamura, R. Expression 
of two angiogenic factors, vascular endothelial 
growth factor and platelet-derived endothelial 

cell growth factor in human pancreatic cancer, 
and its relationship to angiogenesis. Eur. J. 
Cancer. 1998; 34, 1439–1447. 

113. Saeki, T.; Tanada, M.; Takashima, S.; Saeki, 
H.; Takiyama, W.; Nishimoto, N.; Moriwaki, S. 
Correlation between expression of platelet-
derived endothelial cell growth factor 
(thymidine phosphorylase) and microvessel 
density in early stage human colon 
carcinomas. Jpn. J. Clin. Oncol. 1997; 27, 227–
230. 

114. N. M. Abdel-Hamid, M. Farid, A. Eldemeri, 
M. Atwa, N. Anbar. Pro-Angiogenic Mediators 
as Targets for Chemotherapy of Colorectal 
Carcinoma   American Journal of Medicine and 
Medical Sciences. 2011; 1(1): 7-14 DOI: 
10.5923 / j. ajmms. 20110101.02  

115.  Zhang   W, Gordon M and Lenz HJ. Novel 
approaches to treatment of advanced 
colorectal cancer with anti- EGER monoclonal 
antibodies. Ann Med. 2006; 3898:545. 

116. Watanabe T. Chemoradiotherapy and 
adjuvant chemotherapy for rectal cancer. Int J 
Clin Oncol. 2008; 13(6): 488-97. 

117. Carrato A. Adjuvant treatment of 
colorectal cancer. Gastrointest Cancer Res. 
2008; 2(4 Suppl): S42-6. 

118. Timke, C.; Zieher, H.; Roth, A.; Hauser, K.; 
Lipson, K.E.; Weber, K.J.; Debus, J.; Abdollahi, 
A.; Huber, P.E. Combination of vascular 
endothelial growth factor receptor/platelet-
derived growth factor receptor inhibition 
markedly improves radiation tumor therapy. 
Clin. Cancer Res. 2008;14, 2210–2219.

 
 

 

 


	Results
	We obtained and analyzed serum samples from 68 breast cancer female patients, after corresponding breast-sparing surgery, and 10 control healthy female volunteers. Serum samples obtained from 32 patients before receiving corresponding conventional adj...
	Significance
	Significance

